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Assays to detect the presence of 
Retrovirus 

Electron 
Microscopy

Viral gene 
specific PCR

Virus Propagation
Reverse 
Transcriptase 

Retroviruses:  frequent viral contaminant in cell substrates (Moore, 
1992, Losikoff, 1992)



Highly sensitive RT assays

• Silver et al (1993)
– “PBRT”

• Pyra et al (1994)
– “PERT”

• Heneine et al (1995)
– “Amp-RT”
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RT assay coupled with a PCR endpoint 



PERT assay titration of RT

106 increase in detection sensitivity from conventional RT method



Quantitative - PCR

• 5’ nuclease," Real-Time, 
TaqMan™ PCR assay

• Dual -label probe that 
generates fluorescence 
as a function of 
generated PCR product

Fluorescent endpoint replaces gel endpoint for PCR readout



Quantitative PERT assay

• Q-PERT
– Quantitative

• F-PERT
– Fluorescent

• TM-PERT
– TaqMan

• STF-PERT
– Single-Tube Fluorescent

• “PBRT”
– PCR-Based RT

Ct = threshold cycle

Report results in terms of RT units, RT molecules, or RV particles



F-PERT with HIV particles with 
commercially available particle # and titer

CT RT signal Virus Particles TCID50

14.0 + 6.0 x 104 5 x 101

15.2 + 6.0 x 103 5 x 100

21.3 + 6.0 x 102 5 x 10-1

24.5 + 6.0 x 101 5 x 10-2

28.9 + 6.0 x 100 5 x 10-3

31.0 + 6.0 x 10-1 5 x 10-4

36.5 + 6.0 x 10-2 5 x 10-5

39.1 +/- 6.0 x 10-3 5 x 10-6

40.00 - No RNA n/a

40.00 - No RT n/a

Multiple  RT molecules per virus particle



PERT : Broad Detection Range

Virus or RT species Source Results
Foamyvirus Infected cells +
HTLV I Infected cells +
GaLV Infected cells +
SIV Infected cell supernatant +
SRV 2 Infected cell supernatant +
SMRV Purified virus +
EIAV Purified virus +
R-MLV Purified virus +
MMLV Purified virus +
AMV Purified RT +
HIV Purified RT +
MMLV Purified RT +
Adenovirus Purified virus -

PERT will detect RT activity from all Retrovirus families



Features of PERT (F-PERT)

• 106 increase in sensitivity over conventional RT test
• Wide detection range (all retroviruses have RT activity)

– Unknown (unsequenced ) Retroviruses
– Non-cytopathic retrovirus
– Non-infectious retrovirus (endogenous RV)

• Broad applications
– Blood donor screening
– Medical/veterinary diagnosis
– Disease monitoring
– Biomedical research
– Product safety testing



Product Safety

December 18th, 1998

FDA CBER “Letter to Viral Vaccine IND sponsors – Use 
of PCR-based Reverse Transcriptase Assay”

– Requests manufacturers of viral vaccines for human used 
produced in mammalian and avian cells and all other vaccines 
also containing animal materials to be tested for RT activity by
the PERT assay

– State of the art methodology

Regulatory agency recommendation for PERT assay



F-PERT assay 

• Clarified cell culture supernatants from healthy cultures 
(log phase), minimal cellular debris

• Lysis by freeze-thaws in the presence of aprotinin, 
leupeptin, and pepstatin at pH 8

• Assay controls include
– Negative controls:  contains all reaction components except 

(RT or RNA)  to verify the absence of (RT or RNA) 
contamination in assay reagents

– Positive control:  contains all reaction components and RT at 
ten fold dilutions to generate standard curve

– Spiked sample:  Contains the test sample with a spike of RT to 
assess potential matrix inhibition presence in the sample (e.g
serum-free media components)

Controls and sample preparation considerations



Non-cytopathic retroviruses

Pig Endogenous RetroVirus

• 50 copies/genome
• C-type virus endogenous 

virus
• Human tropic PERV

– isolated pig kidney cells (PK-
15) capable of growing in 
human cells (293)

– non-cytopathic
– Xenotransplantation concern

PERT assay as endpoint for non-cytopathic RV



PERV:  non-cytopathic retrovirus

PK(15) + Mitomycin C  
 
 
 
 
293 cell monolayer (8 passages at 
 
 
 
 
culture supernatant 
 
 
 
 
293 cell monolayer (1 passage) 
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293 monolayer (7 passages 29 day
 
 
cell free PERV stock 
          

PERT virus purification using PERT as the “titer” in RT units



Kinetics of PERV infections in 293 cells as 
assayed Q-PERT

F-PERT detects presence of infectious PERV 



Two categories of “False Positives”

(1) PERT positive due to contamination
RT, DNA amplicon, RV, DNA polymerase

(2) PERT positive due to RT activity from non-infectious 
entities that encode authentic RT (e.g. defective 
retrovirus, endogenous retrovirus, ancient retrovirus, 
retrovirus-like particles, RVLP,  transposons)

Certain rodent, insect, and avian cell lines possess 
endogenous retroviral particles that express RT activity 
and will test positive for RT in PERT

PERT assay will detect RT from non-infectious particles
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Increase in RT levels over endogenous RT levels correlates
to presence of infectious virus



CHO:  Endogenous Retrovirus-like Particles

• Type C-like retrovirus
• band 1.13-1.06 g/ml in 

sucrose gradients
• 100-300 copies/genome
• Multiple stop codons in 

ORF (endonuclease)
• small percentage 

considered infectious
• “defective” “RetroVirus-

Like-Particle (RVLP)

RVLP resemble infectious RV and are a safety and regulatory concern



Recent Publications

Q-PCR and F -PERT to enumerate retrovirus particles



Comparison of EM, PCR, and PERT
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Product Safety:  Absence of Retrovirus

Electron 
Microscopy

Viral gene 
specific PCR

Virus Propagation Reverse Transcriptase 

PERT assays
1. Adventitious RV –broad spectrum

2. Characterization of RT activity 
(infectious vs endogenous)

3. Detecting and Quantitating Viral 
Particle Load (alternative to EM)

PERT assay now part of the panel of assays for retrovirus screening
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